INTRODUCTION
Gout is commonly regarded as a poorly managed disease [1] . Recommendations for diagnosis and management are based on the best evidence and expertise available to obtain the best possible outcomes. Adherence to recommendations, such as prescription rates of uratelowering medications, is reportedly low in general practice [2] , even worsening over time in terms of controlling serum urate (sUA) levels [3] . It remains unknown whether such recommendations have a true impact on gout. Whereas an audit of a single outpatient clinic practice demonstrated good adherence to guidelines [4] , this does not reflect global practice or an improvement upon previous standards.
The GEMA (Gout Evaluation and MAnagement) study assessed rheumatology practice in Spain in comparison to the European League Against Rheumatism (EULAR) 2006 recommendations for gout and found that, even in a theoretical gold-standard setting, optimal diagnosis was achieved only in approximately one in four patients and target sUA in less than one in two [5] . The GEMA-2 study was conceived and developed as a commitment, within the design of GEMA, to evaluate changes in rheumatology practice over time.
METHODS
The GEMA-2 study, which is cross-sectional in design, relies on medical records as its primary data source. Centers previously involved in the GEMA study were asked to undergo an additional audit to assess any changes in their adherence to the 2006 EULAR recommendations [6, 7] 5 years after the initial GEMA study assessment and before the 2012 recommendations would have had an impact on clinical practice [8] .
The study was carried out in accordance with the Declaration of Helsinki, was approved by a central institutional review board (IRB), and was agreed upon by the pertinent boards at each center. This study was funded by the Spanish Rheumatology Foundation through an unrestricted grant from Menarini España, which had no access or influence on data capture, analysis, or interpretation of results.
Study Population and Outcomes
The population sample was calculated to include at least 483 patient files to be able to evaluate changes over 50% from GEMA to GEMA-2 in both crystal-based diagnosis and the achievement of the targeted sUA level below 6 mg/dl (0.36 mmol/l). The cases were randomly selected using the same methodology as in GEMA, as previously described [5] . All 41 centers that participated in GEMA were invited to participate in GEMA-2. To be included, cases had to meet the following criteria: (1) diagnosis of gout as determined by a specialist in rheumatology; (2) a first visit to a rheumatology unit between 1 January 2008 and 31 December 2012; (3) at least one follow-up evaluation at the rheumatology unit during 2013, the last visit being used as an index reference. The time period restriction for inclusion was to avoid any impact from the dissemination of the 2012 American College of Rheumatology guidelines [8] as well as the 2013 national guidelines [9] .
Data Collection and Variables
The registry was compiled between October 2014 and May 2015 using a centralized electronic case report form (CRF). Specific guidelines including codes and definitions were created and provided to all GEMA-2 investigators in order to standardize and clarify data collection. Data quality was assessed via onlinemonitored control to detect and clarify all inconsistencies, missing values, and discrepancies. A random sample of patients was monitored on-site at nine participating centers, all randomly selected.
Study variables included in the CRF, identical to those evaluated in GEMA, encompassed demographic and lifestyle data, associated comorbidities, diagnosis of gout, and evaluation of disease burden, clinical characteristics, and treatments for gout (medications for flares, prophylaxis, and urate-lowering drugs) prescribed both prior to and ongoing at the last visit [5] . Additional variables characterizing each unit were obtained from the local principal investigator or head of unit as applicable; specifically, the availability of a specific gout-dedicated clinic, a polarizing microscope, an ultrasonography machine, a specific protocol for gout, implementation of EULAR recommendations at any time since their publication, and a perception of achieving gold standard diagnoses and sUA targets in at least 50% of patients.
Statistical Analysis
Means and standard deviations for numeric variables based on normal distribution, as well as absolute and relative frequencies for categorical variables, were calculated. A sensitivity analysis based on the presence or absence of data in the medical charts was also carried out. Comparisons between groups were tested with the statistic appropriate to the distribution of the variables investigated and the number of groups (Chi-squared, Mann-Whitney's U, or Student's t). All analyses were performed using SPSS 21.0 for Windows (SPSS Inc., Chicago, Illinois, USA). Statistical significance was established at p\0.05.
RESULTS

General Data
Data from 506 patients, from 38 out of 41 rheumatology units, was obtained. The specific rheumatology unit questionnaire was fulfilled by 31 out of 38 units (81.6%); of these, 28 (90.3%) had an on-site microscopy facility, although on-site searches for crystals were performed in only 24 of them (77.4%). Twentynine rheumatology units (93.5%) had such equipment in their offices. Two units (6.5%) confirmed that a gout-specific clinic facility was available, and 10 (32.2%) indicated that a specific protocol for gout management was present at their offices. The EULAR 2006 recommendations had been discussed at least once in 22 (70.9%) of the rheumatology units, and in 6 (19.4%) more than once.
The general characteristics of the patients are shown in Table 1 . It is worth noting that in these patients, the time from diagnosis was close to 7 years, and time from diagnosis to rheumatology evaluation was 3 years. Tophi were recorded in 168/499 (33.7%) of patients: 125 (53.5%) at multiple locations. In addition, 427/506 (84.4%) suffered a flare in the year prior to their first visit, and 283 (55.9%) suffered two or more flares during that year.
Diagnosis
Thirty-one out of 38 rheumatology units responded to the pre-study questionnaire with 15 (39.5-48.4%) having predicted that over 50% of their patients had a diagnosis based on crystal identification. However, crystal-proven diagnosis was obtained in only 162/506 (32.0%) patients. As the rate of crystal-proven diagnosis attained in the GEMA audit was 26.0% (209/ 803) [5] , the improvement in crystal-proven diagnosis was just 31%. For patients with noncrystal-proved diagnosis, it was based on just clinical findings in 35 patients (6.9%), on clinical findings plus hyperuricemia in 273 (54.0%), on clinical plus radiographic findings in 32 (6.3%), and on specific ultrasonographic findings in 4 (0.8%). Ultrasonography was performed in less than 5% of patients. Samples for microscopy were mostly obtained during acute episodes of joint inflammation (124/162 or 76.5%), from nodules suspected to be tophi (28 or 17.3%) and from previously affected but currently non-inflamed joints (12 or 2.4%).
The rate of crystal-proved diagnosis was lower in units lacking an onsite microscopy facility (7% vs. 34%, p\0.01) and higher in units that had a protocol for gout management (44.9% vs. 27.6%, p\0.01) and a gout-specific clinical facility (57.7% vs. 29.5%, p\0.01).
Therapeutic Target sUA
Twenty-seven of the rheumatology units (71% to 87%) anticipated that over 50% of their patients would be on target sUA. Baseline sUA was available in 449 (88.7%) and 485 (85.8%) of the patients at baseline and last visit, respectively. Sixty-four percent of all patients (311/ 485) and 66% of patients on urate-lowering medication (ULT) were at the therapeutic sUA target at their last visit (Table 2) . Therefore, the expected improvement exceeded 50% improvement in the rate of target sUA reached, as the rate of target sUA in the GEMA audit was 41% (286/701).
ULTs were actively prescribed in 482 (95.3%) patients at last visit: 363 on allopurinol (75.3% of the total with any ULT prescription), 108 (22.4%) on febuxostat, and 11 (2.3%) on benzbromarone. Patients who had been on ULTs at any time during follow-up included 456 (90.1%) on allopurinol and 110 (21.8%) on febuxostat. Only 11% of patients on allopurinol at their last visit had ever been prescribed other ULTs, while 93% taking febuxostat and 82% on benzbromarone had been previously prescribed allopurinol.
Allopurinol was the only ULT prescribed at a significantly lower initial dose than the final regimen ( Table 3 ). The final dose was higher for patients with sUA within the therapeutic target range than for those who did not achieve this at their last visit. Doses of benzbromarone and febuxostat did not differ at the initial and final prescription levels, independently of whether the target sUA was reached or not.
Interestingly, of the patients who did not meet the therapeutic sUA target, 83% lacked any mention of causal factors in their medical records, and in only 24.9% was a dose increase or switch in ULTs mentioned. Data on adherence at last visit were recorded in 372 patients: a Normal, glomerular filtration rate (GFR) C 90 ml/min; mild renal functional impairment, 60 ml/min B GFR\90 ml/ min; moderate renal functional impairment, 30 ml/min B GFR\60 ml/min; severe renal functional impairment, GFR B 30 ml/min inadequate adherence was reported in 78/171 (45.6%) of patients who failed to reach the target sUA at their last visit, and only in 52/301 (17.3%) of those who did. Management of hyperuricemia gout seemed to have an impact on flares, as the percentage of patients suffering a flare in the year prior to their first visit was 427 (87.3%) while only 156 (31.6%) suffered a flare in the year prior to their last visit.
Other Management Variables Included in the Recommendations
Data regarding other variables related to the evaluation and management of gout are shown in Table 4 . Interestingly, obesity, lifestyle advice, and dietary recommendations were seldom noted in the clinical records, even while most patients were on an active prescription of urate-lowering medication.
Prophylaxis of flares had not been implemented in 107 (21.9%) patients. In addition, 373 (77.1%) had been prescribed colchicine, 323 (86.6%) of those starting treatment during development of the flare, for a mean time period of 258 ± 180 days (IQR 50-595); 50 (13.4%) patients had been on prophylactic doses above that prescribed for colchicine.
Last gout flares were treated with NSAIDs in 277/469 (59.1%) patients-at the maximally labelled dose in 61.1% of cases, with colchicine in 49 (10.4%), and with corticosteroids in 143 (30.5%) patients. Less than 2% and 1% of patients had been prescribed doses of NSAIDs or colchicine, respectively, over those labelled for acute flares. In 78 patients (16.0%), urate-lowering medications were started, dose increased, withdrawn, or dose reduced during a flare in 57%, 30%, 9%, and 4%, respectively.
Comorbid conditions were, as in GEMA, most commonly evaluated when passively retrievable from analysis (glucose, lipids, creatinine) or when a previous diagnosis or treatment was recorded in the clinical file (hyperlipidemia, diabetes, hypertension) rather than from active searches such as arterial pressure, height, or weight measurements. Indeed, data to evaluate obesity were retrieved in only one-third of patients.
DISCUSSION
Surveys are commonly used to evaluate the state of art, but may not accurately reflect real clinical practice as they are greatly subject to bias. In this audit, we retrieved the anticipated/surveyed/perception of investigators on what the final rates of gold-standard diagnosis (GSD) and achievement of the targeted therapeutic sUA would be, and they were not in accordance with final results, suggesting that surveys are not reliable compared to audits. Audits more accurately reflect real practice, despite all the limitations regarding the retrospective nature of the design. Management of gout may differ widely from average [2] to outstanding specialized practices [4] . It is far from the authors' intention to cast blame or praise any particular setting, but rather to suggest that if a particular specialist's practice is suboptimal, this can result in errors used by general practitioners for their own benchmarking purposes. We cannot ask of our colleagues a performance standard that not even specialists can currently seem to attain.
The GEMA study was designed to evaluate the state of gout management as practiced by hospital-based rheumatologists prior to the implementation of the 2006 EULAR recommendations. We found low rates of both GSD and achievement of target sUA level [5] . GEMA-2 was carried out to evaluate whether there was a significant improvement in the management of gout after the 2006 EULAR recommendations but before the 2012 ACR guidelines and 2013 national guidelines would have had any impact on rheumatologic approaches to gout management. Although we cannot infer causality, it is reasonable to suggest that heightening awareness of the disease, via the dissemination of recommendations, is highly advisable.
This retrospective audit shows an improvement in both crystal-based GSD and a targeted sUA approach to treatment (below 6 mg/dl or 0.36 mmol/l), the latter with an improvement of more than 50% above that observed in the previous GEMA, an advance achieved at the last visit in approximately two-thirds of the patients. Difficult-to-control patients are more commonly under the charge of specialists, and exhibit higher rates of comorbidities and medication prescription [10] . Thus, the overall population examined herein represents a difficult-to-treat, not-best-case scenario, albeit notworst-case clinical scenario, thus reinforcing the value of these findings. MSU monosodium urate, sUA uric acid
The rate of GSD from GEMA to GEMA-2 improved, but did not reach 50% improvement. As in GEMA, most of the cases with GSD stemmed from flares, where infection is a possibility and synovial fluid is far more accessible than during inter-critical periods. We explored whether this could be due to the use of ultrasound (US) as a diagnostic tool, only to find out that it was only performed in a small number of patients, contributing to diagnosis in less than 1% of them. This may change in the near future, as US has been shown to be quite accurate for diagnosis in patients with crystal-proven gout [11] . Although having an on-site microscopy facility was not associated with a good rate of GSD, not having one was associated with less than 10% GSD.
We were able to ascertain that a significant (C 50%) improvement from the previous audit was achieved in the percentage of patients reaching the sUA target of below 6 mg/dl. Despite this improvement, the final dose of allopurinol was not greater than that recorded in GEMA. Dissemination of the EULAR recommendations at a given treatment facility was associated with better ratios of target sUA, suggesting that increased awareness of gout management had an impact on clinical practice. The availability of febuxostat may have also contributed to the improved rate of target sUA compared to GEMA. In fact, febuxostat was not available, but was mainly used as a second-line treatment for patients with higher baseline sUA, who are less likely to reach sUA on average doses of allopurinol [12] .
Clinical inertia looks like a plausible limitation to achieving the sUA target [13] , as no active measure was reportedly implemented (increase in dose, switch, or combination) in most of those patients who failed to reach sUA, although a given clinician's perception of inadequate adherence to treatment may have also been a variable.
Doses of febuxostat seldom exceeded 80 mg/day; in fact, it only did so for those patients who failed to reach the 6 mg/dl sUA target while on 80 mg/day. Benzbromarone was infrequently prescribed and mostly at low doses and in combination with allopurinol. At average doses, its use was only about one-fourth of the maximum 200 mg a day recommended dose. Interventions to avoid clinical inertia such as the use of electronic templates have been shown to be useful [14] .
Most patients were prescribed prophylaxis, principally with colchicine at adequate doses. Interestingly, prophylaxis with colchicine was mostly started during a flare. Nonetheless, colchicine was not the preferred medication for flares, with corticosteroids being prescribed at a three-fold higher rate. These treatment choices may reflect the presence of underlying comorbidities.
Despite this, in one in six patients, changes in ULT were made during an ongoing flare, contrary to national standards, in which this practice is specifically discouraged.
The main strength of this study is that it is an audit of clinical rheumatology practice under best practice conditions. Audits, as shown also in the ''Results'' section, lack the bias of personal perceptions inherent to surveys. In addition, the principal co-variables were retrieved from the majority of files. The main limitations include the retrospective capturing of data, and the impossibility to form any conclusions regarding causality based on the observed associations.
CONCLUSIONS
The diagnosis of gout has improved in clinical rheumatology, although not as much as expected. In addition, ultrasonography as a diagnostic tool has not yet been implemented despite the fact that adequate equipment was available in most offices. Achievement of target sUA at last visit has increased more than 50% since the previous audit, with two-thirds of patients reaching this benchmark. However, clinical inertia-e.g., increasing doses or switching medications-should be avoided, as should poor adherence, two issues that should be taken into account for making further advancements in this area.
